Selective Laser Melting (SLM), a method used in the nuclear, space and racing industries, allows the creation of customized titanium alloy scaffolds with highly defined external shape and internal structure (pore size) using rapid prototyping as supporting external structures within which bone tissue can grow. SLM uses a very precise nanolaser beam of only 0.03 mm (30 µm) diameter which is able to build up titanium alloy structures layer by layer in any complexity. With this technique, ultra light mesh structures with over 450 holes and channels per cm 3 can be attained. Giving an implant a micromesh structure leads to a 90% reduction in weight while still retaining enormous strength and stiffness within the material.
METHODS:
Human osteoblasts from iliac crest (approved by the ethics committee of the Christian-Albrechts-University of Kiel, Germany, (Approval No: AZ 402/07) were cultured on cubic SLM-produced 3D titanium alloy (Ti6Al4V) mesh scaffolds to demonstrate biocompatibility using Scanning Electron Microscopy (SEM) and fluorescence microscopy after cell vitality staining as well as standard biocompatibility tests (LDH, MTT, BrdU, WST).
RESULTS SECTION:
The occlusion of pores of different widths (0.45 -1.2 mm) by osteoblasts was evaluated. SEM investigations showed osteoblasts with well-spread morphology and multiple contact points (Figure 2 ). Cell vitality staining and all four standard biocompatibility tests (LDH, MTT, BrdU, WST) confirmed osteoblast vitality. 1 week after seeding, only 0.45 mm pores showed any occlusion by osteoblasts (21%). At 3 weeks the occlusion of 0.45 mm, 0.5 mm, 0.55 mm, 0.6 mm and 0.7 mm pores was 79%, 67%, 67%, 44% and 10%, respectively. At 6 weeks the occlusion of 0.45 mm and 0.5 mm pores had risen to 100%, but no increase was observed for 0.55 mm, 0.6 mm and 0.7 mm pores. No pore occlusion was observed on pores of width 0.9 -1.2 mm. This study shows that porous Ti6Al4V scaffolds created using SLM are biocompatible and allow the total overgrowth of all pores of 0.5 mm and of a significant proportion in the range 0.5-0.6 mm by osteoblasts, which show a well-spread morphology. This paves the way for their use in in vivo experiments.
